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ABSTRACT 
 
Austenitic stainless steels are widely used in industries such as desalination because of their 
appropriate mechanical properties, good corrosion resistance and weldability. However the welding 
process of austenitic stainless steels may adversely affect their corrosion resistant characteristics due 
to modifications of local composition and microstructures. Standard cyclic polarization method (ASTM(1) 
G611 ) is commonly used to evaluate the relative localized corrosion susceptibility of stainless steels by 
determining the breakdown potential; however in principle this method cannot be used to welded joints 
where different heat affected zones exist. Techniques such as local electrochemical cells have been 
developed to perform local potential or polarization measurements; however these local cell techniques 
often experience difficulties in the control of the standard testing conditions. In this work a new method 
of carrying out electrochemical measurement on selected welding zones is employed. Standard cyclic 
polarization tests were applied to the selected zones on a welded UNS S31600 (316) stainless steel 
joint exposed to sodium chloride solution. 
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INTRODUCTION 
 
Stainless steels (SS) and their welded joints are widely used as structural elements in industries. 
Austenitic stainless steels possess excellent resistance to general corrosion,2 however, in chloride-
containing environments, they are susceptible to localized corrosion attacks such as pitting corrosion, 
intergranular corrosion and stress corrosion cracking (SCC).3 Welding often makes this situation even 
worse because it can result in changes of microstructures, formation of thermal oxide (heat tint) and 
residual stresses.4,5 Furthermore, due to the non-uniform temperature distribution during the thermal 
cycle, the changes in microstructures and surface conditions are non-uniform. Thus, every different 
zone of a welded joint is expected to have different corrosion behavior. 
 
                                                 
(1)
 ASTM International (ASTM), 100 Barr Harbor Dr., West Conshohocken, PA 19428-2959. 
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Numerous studies of localized corrosion processes on passive metal weldments have been carried 
out.6-9 For these studies, the standard cyclic polarization method (ASTM G61): “Standard Test for 
Conducting Cyclic Potentiodynamic Polarization (CPP) Measurements for Localized Corrosion 
Susceptibility”) has been used for electrodes with large area. This method applies a voltage scanning 
anodically from the corrosion potential and the scanning starts to reverse towards the original corrosion 
potential at a certain current density. An indication of the susceptibility to initiation of localized corrosion 
in this test method is given by the potential at which the anodic current increases rapidly, i.e., the 
breakdown potential namely pitting potential (Epit). Results obtained from the large-area test of the 
w ld d     t     “ v rl  k” th     -uniformity of the electrode surface and only reflect the behavior of 
“w rst” zone.  
 
Some studies applied microelectrochemical methods to study localized corrosion processes on small 
areas of passive metals.10-13 Most of these methods use microcapillary-based droplet cells due to the 
advantage of the small size of the exposed working area,14 which is in the micrometer range. However, 
in these cases, the electrolyte cannot flow through the capillary tip and causes some difficulties in its 
use.15 Recently a specific small-sc l   l ctr ch   c l c ll c ll d ‘‘    c ll,’’ d ff r  t t  th  c p ll r -
based microcell, which allows studying sizes in about the 200–1,000 µm range, has been applied to 
study different forms of localized corrosion in welded joints of austenitic stainless steels.16,17 
Nevertheless, it is still limited to an extremely small volume of testing solution and it is difficult to apply 
standard testing conditions for the local cell tests. 
 
In this work, with the aim to apply a method that can be used with standard testing conditions and also 
is capable to distinguish corrosion behaviors of different zones on a large area electrode, measuring 
selected zones on a welded joint of UNS S31600 stainless steel is employed. Pitting corrosion of the 
selected zones was investigated by standard cyclic potentiodynamic polarization tests and analysis of 
the surface of the selected zones was performed. 
 
EXPERIMENTAL PROCEDURE 
 
The material tested was a welded joint of UNS S31600 austenitic stainless steel. Samples including the 
weld, heat tint area, and base metal were cut from the welded joint. The cut sample was embedded in 
epoxy resin and ultrasonically cleaned in distilled water and ethanol and finally dried in air. To test 
selected zones, in the present work, two designated zones, zone Z1 and zone Z2, were chosen in the 
heat tint area (as shown in Figure 1) by coating all the rest area of the cut sample with clear nail oil. The 
dimensions of each of the selected zone were 1 cm × 1 cm. 
 
 
 
Figure 1: Selected different zones Z1 and Z2 in the heat tint area of a welded joint of UNS 
S31600 stainless steel 
 
The cyclic potentiodynamic polarization measurements were carried out according to ASTM standard 
G-61. The experimental apparatus used for polarization tests was an EC-Lab electrochemical 
instrument. A conventional corrosion cell with three electrodes was utilized, in which the testing sample 
was used as the working electrode, a titanium mesh as the counter-electrode and a Ag/AgCl electrode 
as the reference electrode. All potentials reported in this work were referred to the reference electrode. 
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Measurement of the pitting potential (Epit) was conducted at ambient temperature in de-aerated 
aqueous solution of 234 ppm NaCl with a pH of 8. Before polarization the working electrode was 
immersed in the test solution for 1 h at open circuit voltage (Voc). The electrode potential was scanned 
from Voc with a rate of 0.16 mV/s. When the current reached 5 mA, the scanning was reversed towards 
Voc. Along with the electrochemical measurement, surface chemistry and morphology of the selected 
zones were also studied. 
 
RESULTS 
 
Cyclic potentiodynamic polarization tests results are shown in Figure 2. It can be seen that zone Z1 
behaved as an active metal while zone Z2 behaved as passive metal. Pitting corrosion occurred at 
zone Z2 and the Epit was about 0.62 V. 
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Figure 2: CPP test results for selected zones Z1 and Z2 on a typical stainless steel UNS S31600 
welded joint 
 
In the present study, the surface of the electrode was not polished so that the corrosion behavior of 
each of the zones is expected to be greatly affected by the surface conditions (such as surface 
composition and surface morphology) formed during welding. EDS analysis was performed on each of 
the zones. The surface composition of each zone is shown in Table 1. 
 
Table 1 
Contents of Elements at Zone Z1 and Zone Z2 
 
Zone 
Contents of elements (wt.%) 
Fe Cr Ni O Mn Mo Si 
Z1 53.7 16.5 6.7 19 1.7 1.7 0.7 
Z2 62.5 16.4 9.0 7.9 1.3 1.9 1.0 
 
As shown in Table 1, the major change in the contents of elements was much higher O content and 
lower Fe content at zone Z1 as compared with zone Z2. This suggested surface of zone Z1 was more 
seriously affected by the welding process. 
 
Figure 3 shows the surface morphologies of zone Z1 and Z2. The surface of zone Z1 was rough and 
the high magnification image showed the surface was loose and powdery. In contrast, surface of zone 
Z2 was smooth and dense. The rough oxide layer at zone Z1 could not act as a protecting film. It was 
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theoretically demonstrated that roughness can increase the fluctuation of the local electron work 
function. Such fluctuation could promote the formation of microelectrodes and, therefore, accelerate 
corrosion.18 What is more, the loose and powdery surface was more likely to host defects which also 
can be electrochemically active and therefore susceptible to corrosion.19 Although the microstructure 
beneath the oxide layer could also be a factor affecting the corrosion behavior, in the present work, Z1 
and Z2 had very similar microstructure (images were not shown). Therefore, based on the above 
discussion, the different corrosion behaviors of zone Z1 and Z2 can be related to the difference in the 
surface chemistry and morphology. 
 
  
 
  
 
Figure 3: Surface morphologies of zone Z1 (a,b) and zone Z2 (c,d) 
 
CONCLUSIONS 
 
A new method was applied in the present work to study the corrosion behavior of selected zones of a 
UNS S31600 stainless steel welded joint. The selected zones displayed different surface conditions 
and quite different corrosion behaviors. Since microstructures of the zones were similar, the different 
corrosion behaviors of the selected zones can be related to their difference in the surface chemistry 
and morphology. With this method, standard testing conditions can be used and it is efficient to 
distinguish the change of corrosion behaviors of different zones. 
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